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7.3, t h e  curve showing the  inc rease  i n  the weight of f i g h t e r s  each y e a r ) ,  i n  
bombers t h e  passage through M = 1.0 was marked by a tendency toward a 
s u b s t a n t i a l  decrease i n  weight. 

I * 
1950 1955 1960 y r .  , 

Figure 7.1. Yearly Increase 
i n  t h e  Thrust- Weight Ratio. 

Figure 7.2. The Yearly IJse of  
t he  Mach Vumber i n  Fighters .  

The drop of  t h e  curve i n  Figure 7.4 
a f t e r  1955 is  explained by t h e  fact  t h a t  
the weight f o r  subsonic  bombers i s  more 
than double t h a t  of  supersonic  bombers. 

/ 
This i s  explained by t h e  fact  t h a t  

although t h e  inc rease  i n  t h e  t h r u s t -  
weight r a t i o  i n  f i g h t e r s  was aided by t h e  
s u b s t a n t i a l l y  f a s t e r  ra te  o f  i nc rease  of 
t h r u s t  i n  t h e  engines than t h e  i n c r e a s e  of 

found i n  bombers: f o r  them an i n c r e a s e  i n  
the thrust-weight  r a t i o  could be 
achieved only through a decrease i n  

;!I-,-, 8 1 
4 

1955 y r .  1935 r 9 z -  ' * . 
/354 weight, less s u i t a b l e  condi t ions were - 

Figure 7.3. 
Weight of F igh te r s  with Time. 

weight inasmuch as inc rease  i n  engine t h r u s t  was d i sp ropor t iona te  t o  the  i n c r e a s e  
i n  t h e  weight of t he  a i rc raf t .  

Curve of Change i n  

A tendency has been noted i n  decreasing t h e  weight of  f i g h t e r s  as w e l l .  
However, t h e  development of o l d e r  t ypes ,  represented by t h e  s t a t i s t i c a l  graphs 
i n  Figure 7.3, i s  impossible.  Progress demands t h e  c r e a t i o n  of  a new class 
of l i g h t ,  high-speed f i g h t e r s  with a w e i g h t  one h a l f  o r  one q u a r t e r  t h a t  of  t he  
s o - c a l l e d  al l -weather  f i g h t e r s .  

Beyond Mach numbers of t h e  o f  3.0, the use o f  p i l o t e d  f i g h t e r s  and bombers 
merges with t h a t  of  p i l o t l e s s  a i r c r a f t ,  b a s i c a l l y  a i r - t o - a i r ,  s u r f a c e - t o - a i r  and 
surface- to-surface m i s s i l e s .  

From 1945 t o  1955, t he  takeoff and landing of  high-speed a i rcraf t  demanded 
a i r f i e l d s  which were s i z a b l e  i n  both dimensions and c o s t  which, along with t h e  
economic f a c t o r  - -  expense -- l ead  t o  a decrease i n  the  mob i l i t y  of  t h e  A i r  
Force and sha rp ly  r e s t r i c t e d  i t s  c a p a b i l i t y  o f  working i n  conjunction with ground 
t roops.  Therefore research began on plans and designs f o r  a i r c r a f t  which might 
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CHAPTER V I 1  

H O R I Z O N S  I N  THE D E V E L O P M E N T  OF A I R C R A F T  A N D  C O N C L U S I O N S  

ABSTRACT. T h e  d e v e l o p m e n t  of a i r c r a f t  is  seen t o  b e  a funct ion 
of the development o f  engines and o t h e r  components, p a r t i c u l a r l y  
engines.  I n  t h e  f u t u r e ,  p i lo t ed  a i r c r a f t  w i l l  be  developed on 
t h e  same bases a s  i n  t h e  p a s t ,  b u t  w i t h  increased demands a s  t o  
s p e e d ,  range, e t c .  T h e  e f f e c t s  of these demands a r e  analyzed. 

Throughout t h i s  course we have come t o  s e e  t h a t  t h e  development of a i r c r a f t  / 3 5 2  
i s  a func t ion  of  t h e  development of  engines and t h e  multiform complex of  equip- 
ment, including e l e c t r i c a l  and r a d i a l  apparatuses.  

of  engines,  on whose c h a r a c t e r i s t i c s  depend t h e  f l i g h t  c a p a b i l i t i e s  of  t h e  
e n g i n e - a i r c r a f t  system. 

Those demands i n  t h e  development of a i r c r a f t  r e s u l t i n g  from t h e  needs of t h e  
n a t i o n a l  economy and de'fense of t h e  country a l s o  obviously determine t h e  
development of propuls ion u n i t s  and equipment. 

The c o n s t a n t l y  inc reas ing  rates of  development of  s c i ence ,  technology and 
production c a p a b i l i t i e s  as a whole o f f e r  a v i a t i o n  broad horizons.  

The b a s i c  t r e n d s  determining t h e  development of a i r c ra f t  i n  t h e  p a s t  - -  t h e  
s t r u g g l e  f o r  increased speed, a l t i t u d e  and f l i g h t  range -- remain t h e  guide book 
t o  t h e  f u t u r e  as well. However, r e c e n t l y  new demands have a r i s e n ,  e s p e c i a l l y  i n  
terms o f  t h e  range o f  speeds,  which have determined t h e  b i r t h  and development of  
new branches of  a v i a t i o n .  

The t i e  i s  e s p e c i a l l y  c l o s e  between t h e  cons t ruc t ion  of  a i r c ra f t  and t h a t  

The opinions t h a t  t h e  b a s i c  types of a i r c r a f t  i n  t h e  p a s t  - -  p i l o t e d  a i r -  
c ra f t  - -  have o u t l i v e d  t h e i r  t i m e  and should make way f o r  p i l o t l e s s  a i r c ra f t  are 
b a s e l e s s .  A l l  types  of  a i r c ra f t ,  both p i l o t e d  and p i l o t l e s s ,  independent of t h e  
type  of  engine and design,  a r e  capable of development and have horizons f o r  t h e i r  
development. 
depending on and r e s u l t i n g  from t h e  c a p a b i l i t i e s  of t h e i r  engines ,  w i l l  achieve 
va r ious  uses .  

p r o p e r t i e s ,  depending on t h e  d a t a  f o r  t h e  engine,  i s  t h e  thrust-weight  r a t i o  ?-. 

Whereas a t  t h e  very beginning of  t h e  development of  j e t  a i rc raf t  = 0 . 2 ,  now i t  
exceeds 1 .0  and i s  capable o f  f u t u r e  inc rease .  Along with t h e  i n c r e a s e  i n  t h e  
va lues  of  t h i s  parameter,  t h e  maximum v e l o c i t y  of m i l i t a r y  a i rcraf t  has  inc reased .  
The curves i n  Figures 7.1 and 7.2 show t h a t  t h e  passage through t h e  value = 0 .5  
has permit ted reaching t h e  speed of sound, CP > 1 . 0  no t  only permit ted supersonic  
f l i g h t  p o s s i b l e ,  bu t  f i g h t e r  speeds g r e a t e r  than twice t h a t  of sound, and 
permit ted t h e  r ise of  a i rcraf t  with a large thrust-weight  r a t i o .  

not  lagged f a r  behind f i g h t e r s  i n  terms of speed. However, although i n  f i g h t e r s  
t h e  thrust-weight  r a t i o  increased as t h e  c r a f t ' s  f l i g h t  weight increased (Figure 

However, t h e r e  i s  no doubt t h a t  i nd iv idua l  c l a s s e s  of  a i rcraf t ,  

As we have seen ear l ier ,  t h e  c h i e f  parameter determining an a i r c r a f t ' >  f l i g h t  

Figure 7 . 1  shows t h e  change i n  t h e  values of t h i s  parameter by yea r s .  /353  

High-speed bombers including heavy bombers (such as t h e  B-58 Hus t l e r )  have 
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possess  sha rp ly  decreased takeoff  and landing d i s t ances .  
c l a s s i c a l  a i r c r a f t ,  h e l i c o p t e r  and rocket ,  every p o s s i b l e  combination of t hese  
b a s i c  types of a i r c r a f t  was developed and new s t r u c t u r a l  shapes i n  a i r c r a f t  
appeared, r i g h t  up t o  wingless a i r c r a f t .  

In  add i t ion  t o  t h e  

The l i m i t s  i n  t he  development o f  each 
type o f  a i r c r a f t  were i n t i m a t e l y  r e l a t e d  
cu Llle C Q ~ ~ U I I I L I ~ S  wr" tile engines ,  whose 
p r o p e r t i e s ,  as has a l ready  been noted, a r e  
+^ &L ---- -1. ? 7 2 - 2  

- -  
t he  dominant f a c t o r  i n  determining the  
c a p a b i l i t i e s  of  t h e  a i r c r a f t .  

50 A c h a r a c t e r i s  t i c  index f o r  engines ,  
on whose s i z e  depends the  range of  
e f f e c t i v e  use of t he  var ious  types o f  
propuls ion u n i t s ,  i s  t h e  c o e f f i c i e n t  of  
weight e f f e c t i v e n e s s  w -- t h e  r e l a t i o n s h i p  
between t h e  sum o f  the  engine weight and 
the  f u e l  requi red  f o r  f l i g h t  o f  a s e t  
durat ion t o  t h e  product  of  t h e  f r e e  t h r u s t  
value f o r  t he  f l i g h t  time 

91L, 
1 . .  I . . . . ,  

? I935 195.5 yr .  

Figure 7.4. Change i n  the  Yearly 
Weight o f  Heavy Bombers. 

Free t h r u s t  is  the  amount of engine t h r u s t  per  decrease i n  t h r u s t  requi red  / 3 5 5  
t o  propel1  the  engine i t s e l f  and t h e  fue l .  

The lower the  value of t h i s  r a t i o ,  the  more s u i t a b l e  t h e  engine w i l l  be 
f o r  given f l i g h t  condi t ions .  

m - N - ~ ~ % \  T u r h j e t  engine (SR) 
\',. \ 

Figure 7.5. Curve W = f ( t )  

Figure 7 . 5  gives  the  curve f o r  t h e  changes i n  w according t o  t f o r  var ious  
engines during f l i g h t  a t  he ight  H = 6000 m with M = 0 . 7  and f o r  H = 15,000 m with 
M = 2.0. 

From the  graphs it can be seen that even i n  subsonic  f l i g h t ,  a rocke t  engine 
i s  competi t ive with any o t h e r  fo r  shor t -dura t ion  f l i g h t .  I t  exceeds a l l  engines  
when f l y i n g  "on gas" f o r  15 seconds and i s  surpassed  by the  t u r b o j e t  engine only 
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f o r  dura t ions  exceeding one minute. I n  the supersonic  range with M = 2.0,  t he  
b e s t  engine of a l l  i s  the  ramjet .  As f a r  as t h e  l i qu id - fue l  engine i s  concerned, 
while  f a l l i n g  behind the  ramjet engine i n  a l l  ranges, i t  has an advantage over  
t h e  t u r b o j e t  i n  f l i g h t s  under two minutes. 

The advantages of t he  ramjet a r e  q u i t e  apprec iab le  when f l y i n g  a good 
d i s t ance  a t  supersonic  v e l o c i t i e s .  

The optimum use o f  t he  t u r b o j e t  i n  modern f l i g h t  i s  t h e  Mach number M = 2.5.  
However, above t h i s  Mach number the  range continuous t o  inc rease  although f o r  
M > 2 . 3  ramjet-powered a i r c r a f t  a r e  most s u i t a b l e  i n  terms of  range. This can be 
seen from Figure 7.6, i n  which the  curves f o r  t he  range f a c t o r  (kL = L/const) a r e  

given i n  terms of  M. 
a i r ,  a i r c r a f t  with l i qu id - fue l  engines lag behind a i r -b rea th ing  j e t  engines /356 
even f o r  Mach numbers exceeding s i x  and t h a t  when M > 2.3, a i r c r a f t  wi th  ramjet 
engines are more s u i t a b l e  than those  w i t h  t u r b o j e t s .  

From the  graph i t  is c l e a r  t h a t  i n  f l i g h t s  through dense 

engine 

1 2 3 ~ ~ 6 n ~  

Figure 7.6. Values of 
Range Coef f i en t s .  

Let us r e c a l l  once more t h a t  f i t t i n g  an a i r c r a f t  
only with a ramjet does not give i t  t akeof f  indepen- 
dence. Therefore,  when a ramjet i s  i n s t a l l e d ,  i t  i s  
combined with o t h e r  types o f  engines: e i t h e r  a l i qu id -  
f u e l  engine (or s o l i d - f u e l  rocke t  engines)  o r  wi th  a 
t u r b o j e t  engine. Because o f  t he  l a rge  s p e c i f i c  
consumptions of f u e l  c h a r a c t e r i s t i c  of  rocket  engines ,  
combinations of ramjet  and rocket  engines do n o t  y i e l d  
very extended f l i g h t .  The combination of t he  ramjet  
and the  tu rbo je t  i s  more s u i t a b l e  and permits  long- 
range supersonic  f l i g h t .  Such a combined engine i s  
more s u i t a b l e  than t h e  t u r b o j e t  wi th  a f t e r b u r n e r  i nas -  
much as the  a f t e rbu rne r  has s u b s t a n t i a l l y  lower 
e f f i c i e n c y  f o r  M > 2.0. The e f f i c i e n c y  of  a combined 
engine continues t o  inc rease  f o r  h igher  Mach numbers 
i f  w e  b e a r  i n  mind t h a t  t he  midsection of  a combined 

ramjet + t u r b o j e t  is  sma l l e r  than t h a t  of a t u r b o j e t  wi th  a f t e r b u r n e r  ( f o r  t he  
same u l t i m a t e  condi t ions  i n  terms of  t he  amount of requi red  t h r u s t ) ,  t h e  f u t u r e  o f  
a i r c r a f t  and o t h e r  f l i g h t  c r a f t  with similar combined engines  becomes c l e a r .  
Figure 7.7 shows an aircraft ( the  Griffon)  with a combined engine.  Figure 7 . 8 ,  
which shows the  Bomarc m i s s i l e ,  gives  an idea  o f  an a i r c r a f t  with ramjet engines 
i n  combination with j e t s .  
t h e  Coleoptera,  i n  which it w i l l  b e  remembered t h a t  the  d i f f u s e r  of t h e  ramjet 
engine can annular  wing, highly challenging. 

The value of the ramjet and t u r b o j e t  combination makes 

The in t roduc t ion  of atomic engines i n t o  use  has o f f e r e d  a s u b s t a n t i a l  
i nc rease  i n  the  f l i g h t  c a p a b i l i t i e s  of a i r c r a f t ,  e s p e c i a l l y  i n  terms o f  range. 
Without going i n t o  the  d e t a i l s  of such p o s s i b l e  designs,  l e t  us no te  t h a t  
atomic engines  which transmit t h e i r  energy t o  e i t h e r  a p r o p e l l e r  o r  as j e t  power 
a r e  both p o s s i b l e .  
speed a i r c r a f t .  
atomic engine. 
l i t t l e  from normal a i r c r a f t ;  t h e i r  only d i s t ingu i sh ing  f e a t u r e  would be  t h e  
inc reased  length  of t he  fuse lage  and t h e  tendency t o  loca t e  t h e  r e a c t o r  as f a r  

Atomic j e t  engines w i l l  obviously f i n d  a p p l i c a t i o n  i n  high-  /357 
Figure 7.9 shows a p lan  f o r  a t r a n s p o r t  a i r c r a f t  with an 

Plans f o r  j e t  a i r c r a f t  show t h a t  e x t e r n a l l y  they would d i f f e r  
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from t h e  cabin and men as poss ib l e .  The use of atomic energy r ep resen t s  a 
breakthrough i n  t h e  c r e a t i o n  of ion ,  photon and similar engines  which w i l l  
achieve long-range space f l i g h t .  

Only the  rocket  engine from among a l l  /358 
e x i s t i n g  engines o f f e r s  f l i g h t  i n  the 
highly r a r i f i e d  a i r  a t  a l t i t u d e s  exceeding 

atmosphere. 
-I v-l te ?c! h 2zd bepr,?, t h c  l i m i t s  of the 

Tests  i n  launching a r t i f i c i a l  e a r t h  
s a t e l l i t e s  and spacec ra f t  allows us t o  
make some judgements on the  t r ends  i n  t h e  
development of a i r c r a f t  which w i l l  pu t  
man i n t o  o u t e r  space and open the  way f o r  
f l i g h t s  t o  o t h e r  p l ane t s .  

Figure 7.7. Diagram of  an A i r c r a f t  
with Combined Engines. 

Such a r e  t h e  more-or-less long-range chal lenges i n  the  development of 
a i r c r a f t ,  b u t  t h e r e  are a l s o  t h e  short-range chal lenges r e l a t i n g  t o  the f i e l d  
of f l i g h t  a t  low a l t i t u d e s  wi th in  the  atmosphere. 

Figure 7.8. The Bomarc Miss i le  wi th  Figure 7.9. Proposed Type of  Long- 
a Ramjet Engine i n  Combination with Range A i r c r a f t  with 4tomic Engines. 
a Rocket Engine. 

The t r ends  i n  the  use of r o t o r s  (p rope l l e r s )  i n  cowlings as we l l  as t he  
branch dea l ing  wi th  wingless a i r c r a f t  a r e  q u i t e  promising. 
ment of t he  first type of a i r c r a f t  with broad ranges of f l i g h t  v e l o c i t i e s  may 
be judged from t h e  Breguet Company's planned aircraft  shown i n  Figure 7.10. 

The p o s s i b l e  develop- 

The second t r e n d  i s  i l l u s t r a t e d  by the  photograph o f  a model (Figure 7.11) 
which was success fu l ly  used t o  s tudy  t h e  p r i n c i p l e  of wingless f l i g h t .  

High-speed a i r c r a f t  -- both winged and wingless -- w i l l  appear which w i l l  - /359 
perform v e r t i c a l  t akeof f  and landing (VTOL) as wel l  as f a n t a s t i c  supersonic  
v e l o c i t i e s  f l y i n g  a t  a l t i t u d e s  where i n t o l e r a b l e  hea t ing  can be avoided. 
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An example of such a passenger a i r c r a f t  with a Mach number M = 7.0, being 
planned by the  Lochheed Company, i s  shown i n  Figure 7.12.  

Figure 7.10. Pro jec ted  VTOL A i r c r a f t  Figure 7.11. Model of Wingless 
using Fan-Type "Motion Generators" 
(Breguet). Channe 1 Flow. 

A i r c r a f t  with I n t e r n a l  Continuous 

I t  must be noted t h a t  along with the  
development of a v i a t i o n ,  both the  amount 
o f  equipment i n s t a l l e d  i n  a i r c r a f t  and t h e  
complexity o f  t h i s  equipment have equal ly  
grown. 
respec t  t o  p i l o t l e s s  a i r c r a f t .  

This i s  e s p e c i a l l y  t r u e  wi th  

The switch toward l a rge  t r a n s o n i c  
(sub-space and supersonic)  v e l o c i t i e s  has 
e n t a i l e d  many s p e c i a l i z e d  problem such as , 

Figure 7.12. Passenger A i r c r a f t  f o r  example, the  s t r u g g l e  aga ins t  t he  high 
with M = 7.0 planned by the  temperatures on the  su r face  o f  t h e  a i r c r a f t .  
Lochheed Company. 

The growth o f  j e t  a v i a t i o n  cons t an t ly  

of aerodynamics , s t r e n g t h  of ma te r i a l s  , a i r c r a f t  ma te r i a l s  , engine cons t ruc t ion ,  
mechanics and o t h e r  branches o f  a v i a t i o n  technology. 

s e t s  up newer and newer problems i n  terms 

The c e n t r a l  problems i n  the  development of  a i r c r a f t  cons t ruc t ion  have 
remained t h e  s t r u g g l e  f o r  f l i g h t  s a f e t y  and t h e  o v e r a l l  i nc rease  i n  economy. 
However, t h e  s o l u t i o n  t o  these  problems under the  new f l i g h t  condi t ions  a t  high 
speeds , p a r t i c u l a r l y  supersonic  speeds , i n  t u r n  demands new approaches. For 
example, whereas the  inc rease  i n  c ru i s ing  speeds f o r  t r a n s p o r t  a i r c r a f t  decrease 
economy as they approach the  t r anson ic  zone, i n  the  supersonic  reg ions ,  as t h e  
r e spec t ive  inves t iga t ions  have shown, 
t o  values  of  M = 2 . 5  - 3 . 0 ,  economy improves. 

as t he  f l i g h t  Mach number inc reases  up 

The inc rease  i n  a i r c r a f t  f l i g h t  v e l o c i t i e s  above M = 3 . 0  i n  t he  dense 
l aye r s  of t h e  atmosphere i s  s u b s t a n t i a l l y  h indered  due t o  k i n e t i c  hea t ing .  This 
f a c t  can con t r ibu te  s u b s t a n t i a l l y  t o  c l a r i f y i n g  t h e  demarcation i n  the  zones f o r  
a i r c r a f t  and rocke t s ,  which today i s  s t i l l  complicated.  In doing s o ,  however, we 
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cannot i gnore  those boundaries determined by t h e  l i f t i n g  capac i ty  and demands 
f o r  s t r e n g t h .  

I n  Figure 7.13, curve 1 cha rac t e r i zes  the  l i m i t  o f  t he  region i n  which / 360 
t h e  aerodynamic l i f t i n g  capaci ty  i s  i n s u f f i c i e n t  t o  permit  h o r i z o n t a l  f l i g h t ;  
curve 2 r ep resen t s  t h a t  region i n  which k i n e t i c  h e a t i n g  causes the  s u r f a c e  
temperature on a i r c r a f t  t o  exceed 120OoC; curve 3 i s  t h e  l i m i t  o f  s t r e n g t h  
c h a r a c t e r i z i n g  the  region where the  v e l o c i t y  head exceeds l,QQ(! n/x2. 
the  sma?? a ~ e a  uf t he  graph corresponds t o  t h e  a b i l i t i e s  of a i r c ra f t  t o  f u l l y  
use t h e i r  engines.  This i s  region A. Region B y  l y ing  wi th in  t h e  zone between 
t h e  f irst  and second space v e l o c i t i e s  , represents  t h e  c a p a b i l i t i e s  of  a r t i f i c i a l  
e a r t h  s a t e l l i t e s  and space rockets .  
c o r r i d o r  i n  which equi l ibr ium f l i g h t  i s  poss ib l e  with t h e  use o f  a l l  the means 
o f  achieving lift. This is the  region i n  which s p a c e c r a f t ,  
similar aircraft can land. 

GiIy 

Region C encompasses t h e  r e l a t i v e l y  narrow 

rocket  a i rc raf t  and 

A c e r t a i n  broadening o f  region A i s  
f e a s i b l e  through t h e  p e r f e c t i o n  o f  air- 
breathing rockets and t h e i r  combinations 
with l i q u i d - f u e l  rocke t s .  

The h i s t o r i c  f l i g h t s  of our  cosmonauts 
l a i d  the beginning of conquering region B and 
y i e lded  d a t a  f o r  eva lua t ing  f l i g h t  condi t ions 
i n  region C. 

yKM/hr. The p e r f e c t i o n  of  materials and the 
designs o f  s h e l l s ,  sys t ema t i c  work i n  
inc reas ing  the e f f e c t i v e n e s s  of  chemical 
p r o p e l l e n t ,  t h e  c r e a t i o n  of rocket  engines 
using atomic energy and e lec t r ica l  j e t  
engines have been t h e  bases f o r  f u r t h e r i n g  
t h e  development o f  s p a c e c r a f t .  

Figure 7.13. The L i m i t s  of  
Regions i n  which Es tab l i shed  
F l i g h t  without  Limitat ion is  
Possible .  

We are c lose  t o  achieving Tsiolkovskiy’s i d e a  of  c r e a t i n g  a r t i f i c i a l  
s a t e l l i t e s  - -  i n t e r p l a n e t a r y  s t a t i o n s  which w i l l  b e  t h e  b a s i s  f o r  o u t f i t t i n g  
g i g a n t i c  s p a c e c r a f t .  

Automatic s cou t s  such as t h e  Mars-1 and Zond-3 s tudying o u t e r  space he lp  
us accumulate the necessary d a t a  f o r  f l i g h t s  t o  both the  n e a r  and fa r  p l a n e t s .  

Both o v e r a l l  problems and t h e  multi tudinous s p e c i a l  problems a r i s i n g  i n  
the  c r e a t i o n  o f  highly chal lenging a i r c r a f t  are being solved on a broad f r o n t .  
This c o n s t i t u t e s  o u r  guarantee of  the success o f  f u t u r e  achievements i n  a l l  
a spec t s  of a v i a t i o n  technology. 
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